We elaborate the necessary conceptual and strategic elements for developing an effective adaptive monitoring network to support Integrated Coastal Management (ICM) in a multiuser nature reserve in the Dutch Wadden Sea Region. We discuss quality criteria and enabling actions essential to accomplish and sustain monitoring excellence to support ICM. The Wadden Sea Long-Term Ecosystem Research project (WaLTER) was initiated to develop an adaptive monitoring network and online data portal to better understand and support ICM in the Dutch Wadden Sea Region. Our comprehensive approach integrates ecological and socioeconomic data and links research-driven and policy-driven monitoring for system analysis using indicators of pressures, state, benefits, and responses. The approach and concepts we elaborated are transferable to other coastal regions to accomplish ICM in complex socialecological systems in which scientists, multisectoral stakeholders, resource managers, and governmental representatives seek to balance long-term ecological, economic, and social objectives within natural limits.
INTRODUCTION
Integrated coastal management (ICM) has been promoted worldwide for attaining more sustainable management of coastal zones by means of a dynamic, multidisciplinary, and iterative process. Integrated coastal management seeks to balance longterm ecological, economic, and social objectives within the limits set by natural dynamics Riley 2003, Olsen and Nickerson 2003) .
Worldwide, applications of ICM vary across the diverse geographical, political, socioeconomic, and ecological settings in which they are applied. Despite the place-based nature of ICM activities, there are a number of basic traits in successful ICM implementation (reviewed in Stojanovic et al. 2004 , Taljaard et al. 2013 . There is wide recognition among scientists and resource managers that successful marine management approaches, including ICM, involve stakeholder participation, adaptive monitoring, and evaluation as basic components for effective strategies (Armitage et al. 2009 , Lindenmayer and Likens 2009 , Douvere and Ehler 2011 .
Research and monitoring are key components for informed policy and decision making (Day 2008 , Kabat et al. 2012 , especially when coastal management aims to achieve a sustainable balance between protecting nature and allowing multiple human uses. However, an important challenge is to evaluate, integrate, and extend existing monitoring systems to provide a more effective and less biased platform for decision making toward sustainability (Kates et al. 2001, Lindenmayer and Likens 2009) .
When setting up monitoring, it is necessary to be aware of several major issues known to hinder monitoring effectiveness and efficiency. These include: selecting the wrong drivers for setting up monitoring, i.e., short term political demands rather than building a sound knowledge base; high ambition levels and resource constraints; and importantly, a poor initial design and a lack of clarity regarding goals and components (Hockings et al. 2008 , Chapman 2012 , Lindenmayer et al. 2012 .
We elaborate the necessary conceptual and strategic elements for developing an effective adaptive monitoring network to support ICM in a multiuser nature reserve. We outline these elements for the Dutch Wadden Sea Region, within the context of the Wadden Sea Long-Term Ecosystem Research project (WaLTER). The Wadden Sea system is recognized as one of the world's most valuable coastal areas, having received a World Heritage status for the Dutch and German parts in 2009 (CWSS 2008 , Kabat et al. 2012 . The WaLTER project (2011) (2012) (2013) (2014) (2015) was initiated to develop a plan for adaptive monitoring to better understand and integrate management of environmental issues relevant to the Dutch Wadden Sea. WaLTER aims to integrate and improve existing monitoring programs, fill possible gaps in the current monitoring network, and make existing and new data more readily accessible (WaLTER project team 2010). The main product of the project is an online portal that makes monitoring data and information available and accessible for all stakeholders.
We describe a conceptual framework for adaptive ICM of the Wadden Sea Region that includes monitoring. We then propose a strategic outline for establishing an adaptive monitoring network, which includes an indicator framework. We elaborate quality criteria necessary for realizing the proposed monitoring network and data and information portal. We address credibility, legitimacy, and salience as fundamental criteria in data and information production, as well as quality criteria for assuring monitoring excellence of the WaLTER portal. We further discuss enabling actions essential for realizing and sustaining adaptive long-term monitoring in support of ICM.
CONCEPTUAL FRAMEWORK FOR INTEGRATED COASTAL MANAGEMENT (ICM)
Integrated coastal management refers to the integrated management of all policy processes affecting the coastal zone, addressing land-sea interactions of coastal activities in a coordinated way with a view to ensuring the sustainable development of coastal and marine areas (European Commission http://www.ecologyandsociety.org/vol20/iss1/art59/ 2002). Integrated coastal management aims to ensure that management or planning decisions are addressed coherently across ecological as well as socioeconomic domains guaranteeing the sustainable use of coastal and marine resources. Key features of effective ICM are comprehensiveness, i.e., taking a sufficiently wide scope and full view of issues, and cooperation among stakeholders (Stojanovic et al. 2004 , Belfiore et al. 2006 , Taljaard et al. 2011 , Vugteveen 2013 . Table 1 summarizes the basic premises of ICM as commonly proposed in existing literature. Table 1 . Common premises of an adaptive integrated coastal management (ICM) approach (based on Belfiore et al. 2006 , Taljaard et al. 2011 ).
Premises a) Management is ecosystem based, and the system is perceived as a social-ecological system (SES) with the aim to balance ecological, economic, and social objectives toward sustainable development; b) Management is comprehensive, a sufficiently wide scope and full view of issues is taken; c) Management is adaptive: monitoring and evaluation are key phases in the management process, which is directed at testing assumptions, adaptation, and institutional learning; d) Management is region based and takes a long-term perspective; e) Management is participatory and directed at comanagement by means of facilitated interactions among policymakers, scientists, and stakeholders; f) Management is evidence based and is supported by insights from scientific research.
Within natural resource management, the adaptive approach has become the strategy of choice for optimal decision making in the face of uncertainty through iterative steps of learning by doing. The conceptual underpinnings for adaptive management are simple: there will always be inherent uncertainty and unpredictability in the dynamics and behavior of social-ecological systems (SESs) because of system complexity involving nonlinear relations (Liu et al. 2007 ), yet management decisions must still be made (Allen and Gunderson 2011) . In its original conception, adaptive management emphasizes the design of diagnostic management experiments to reduce uncertainty. In this approach, learning is explicitly incorporated in management objectives, meaning that decisions that improve learning are valued over those that do not. Later elaborations of the concept incorporated ideas of decision theory with less emphasis on experimentation as a management objective in itself, treating learning in a practical sense insofar as it improves decision outcomes (McFadden et al. 2011) . We adhere to the latter perspective. All adaptive management approaches, however, share system monitoring and evaluation steps to structure and reduce uncertainty over time, and they aim to optimize management strategies by incorporating learning results from these processes (Belfiore et al. 2006) .
Adaptive ICM includes a cyclic management process consisting of deliberation, planning, implementation, assessment, learning, and adjustment steps, as depicted in Figure 1 (blue-colored steps). The circular form emphasizes the importance of iterative evaluation steps serving continuous management adjustments based on new learning, thus allowing for a systematic refinement of the overall implementation process (CMP 2007 , Douvere and Ehler 2011 , Taljaard et al. 2013 . Generation and use of data and information through monitoring, and subsequent learning and capacity building are key steps to this adaptive process. These steps can be conceptualized as separate process cycles serving the overall ICM process, i.e., comprising an information cycle and a capacity building cycle, respectively. Monitoring presents the main component in the information cycle (right part of Fig. 1 in green), which underlies operational management. Information derived from monitoring may be used by managers to improve the performance of their strategies by evaluating the effectiveness of management actions and contributing to transparency and accountability for improving future planning (Pomeroy et al. 2005 , Pullin and Stewart 2006 , Hockings et al. 2008 ). The information cycle includes the identification of information needs, implementing of monitoring, i.e., data collection and proper data management, and subsequent assessment and reporting to inform decision makers, managers, and stakeholders involved in ICM (Timmerman et al. 2000) .
Again, the suggested cyclicity of the information steps shown in Figure 1 signifies the continuous process of connecting and adapting the design and operation of the monitoring system to the information expectations and/or products required by these ICM actors. Lindenmayer and Likens (2009) explicitly defined adaptive monitoring as a process in which the development of conceptual models, question setting, experimental design, data collection, data analysis, and data interpretation are linked as iterative steps in a cyclic process. An adaptive monitoring program, then, evolves in response to new questions, new information, situations, or conditions, however without distorting or breaching the continuity and/or integrity of the data record.
Though grounded in monitoring-based facts, decisions on management strategies and actions require careful evaluation, deliberation, and negotiation. The adaptive ICM process relies on the capacity of involved managers and actors to learn and implement their learning in management activities. The capacity building cycle (left part of Fig. 1 in red) depends on learning-bydoing at two levels: institutional/social and technical learning (Williams and Brown 2014) .
Institutional or social learning involves the sharing and reflection on facts and values, which takes place among individuals and groups, and serves to improve deliberation and planning in the ICM process and the taking of agreed actions. It requires periodic evaluation and reconsideration on how management performs and should be otherwise set up or continued (Reed et al. 2010 , Biggs et al. 2012 . As part of institutional learning the "adjust" process arrow in the central part of Figure 1 depicts the outcome of technical learning aspects (Williams and Brown 2014) . This iterative sequence of decision making, monitoring, and assessment is focused at technical management abilities, including innovations, to aid in reaching desired management goals via the reduction of knowledge uncertainties. Figure 1 expresses that learning, institutional as well as technical, is a driving process for capacity building, serving ICM by enhancing the capabilities of involved actors to influence and participate in management planning and implementation. Institutional learning processes may be enhanced by establishing dialogue among the actors involved in ICM to facilitate taking agreed action (Parr et al. 2003 , Hanssen et al. 2009 ). Concepts like adaptive comanagement and adaptive governance emphasize stakeholder processes for more inclusive and democratic management, focusing on participation in decision making (Armitage et al. 2009 , Cundill and Fabricius 2009 , Rist et al. 2013 . Participation may also extend to monitoring and management activities wherein citizen volunteers assist in data collection or conduct research themselves, i.e., citizen science serving so called community-based monitoring (Conrad and Hilchey 2011) . Essential to capacity building is that the network of involved actors evolves and strengthens over time through dynamic interactions between coastal community members, either being temporally involved actors or constituting more formal partnerships within and between government, business, civil society, and the scientific and professional communities (Taljaard et al. 2013) .
THE WaLTER STRATEGIC OUTLINE FOR MONITORING
We further elaborate the presented concept of ICM and apply it to adaptive monitoring in the Dutch Wadden Sea Region. Figure  2 summarizes a strategic outline, which aims for a comprehensive and flexible monitoring framework. It combines different roles of monitoring and distinguishes between two main services; i.e., generating data/information and enabling their use. This translates to supplying monitoring data as well as offering derived information products that are useful to ICM, i.e., able to inform management and facilitate stakeholder involvement. These outputs are explicitly anticipated for the WaLTER network and its online portal (Vugteveen et al. 2014a) . Monitoring data refers to (meta)data of the actual measurements, whereas monitoring information is structured as a set of relevant indicators derived from the monitoring data, involving processing and calculation steps on these data.
Monitoring efforts serve different purposes in ICM that are basically research-driven or policy-driven. Research-driven monitoring is directed at data collection for assessing those indicators that explain cause-effect relationships in humanenvironmental interactions, preferably those that are responsive to management actions. More than policy-driven monitoring, it is aimed at building deeper system understanding in support of evidence-based policies and management measures. Policy-driven monitoring, then, is aimed at signalling trends in the system and at evaluating implemented policies and management measures, which subsequently may be adjusted if deemed necessary. Note that research-driven and policy-driven monitoring do not represent exclusive monitoring activities and do not suggest a traditional distinction in research and policy.
Use of indicators
A long-standing problem with the design and implementation of monitoring programs has been the question of what to assess through monitoring. Expressed assessment endpoints, captured as indicators, may either serve as description of system stressors and processes, assessment of management performance, or evaluation of management effectiveness (Parr et al. 2003) . Because of its wide use in environmental management the term "indicator" has become a profoundly ambiguous term, which has been given different meanings in different contexts (Turnhout et al. 2007) . We define an indicator as a component or a measure of environmentally relevant phenomena used to describe socialecological conditions, evaluate system changes, or prescribe management goals (Heink and Kowarik 2010) . It generally comprises a statistic or parameter, which should have significance beyond the properties of the statistic itself, in support of deciding on potential management actions Riley 2003, Gudmundsson 2003) .
In capturing important SES phenomena for management, the indicator set should at least aim to reflect all the elements of major causal-effect relations and social responses in the social-ecological system, allowing identification of the driving forces of change and their consequential impacts. This logic is reflected in the driving forces-pressures-state-impacts-responses (DPSIR) framework, which is commonly used for evaluating the social-ecological effects of human activities (Bowen and Riley 2003 , Maxim et al. 2009 , Atkins et al. 2011 ).
According to Rapport and Hildén (2013) however, many applications of the DPSIR logic tend to be primarily focused on describing system state and documenting the general pressures that are believed to impact system condition. In practice, less attention is given to documenting the status and trends of the human driving forces, let alone to the effectiveness of policy responses. This emphasizes the need for a greater convergence in conventional "state" monitoring and the monitoring of (human) actions underlying changes in system state when developing indicators.
Fig. 2.
Strategic outline for the Wadden Sea long-term ecosystem research project (WaLTER) monitoring network. The lower part of the figure expresses that monitoring activities generate data and information for different research-driven and policy-driven purposes. The upper part expresses that information and data outputs serve specific goals of integrated coastal management (ICM) actors. *SES -social ecological system Sparks et al. (2011) proposed a simplified version of the DPSIR framework, structuring indicators into four focal areas: threats to the system, i.e., pressures, the state of the system, ecosystem services and resulting benefits, and policy responses. Based on practical experiences, this framework is considered to be more logical, understandable, user-friendly, policy relevant, and communicable (Sparks et al. 2011 , Jones et al. 2013 ). Hence we distinguish four relevant types of indicators: (1) response indicators measuring the implementation of policies or management measures; (2) pressure indicators monitoring the extent and intensity of the causes of (unwanted) SES changes;
(3) state indicators analyzing the condition and status of aspects of the SES; and (4) benefits indicators quantifying the benefits that humans derive from the SES.
The proposed framework has practical advantages for managers trying to understand the causal linkages between action and outputs. The order of indicators presented above therefore intentionally begins with responses, rather than pressures, to emphasize that the guidance of policy and other practical actions is the central purpose of the indicator set (Sparks et al. 2011) . Differing from the traditional DPSIR categorization, driving forces for change are not a separate category, but taken into account within both the response and the pressure categories.
Also the impacts category, focused on negative effects of humans on the environment, is interpreted in terms of positive humanenvironmental relations, i.e., the benefits humans can derive from a healthy environment. Following the same reasoning, Kelble et al. (2013) replaced the impact category by ecosystem services in their DPSER framework. The proposed framework of indicators as such aims to capture a greater diversity of discourses existing in social-ecological systems and to provide more comprehensive information to decision makers than the traditional DPSIR model (Chapman 2012) . Figure 3 is complementary to Figure 2 and summarizes the use of response, pressure, state, and benefits indicators for different monitoring purposes.
Social-ecological systems (SES) themes and monitoring needs
Arriving at a comprehensive indicator set for management requires the systematic identification of essential system components, their mutual (often hierarchical or reciprocal) relationships, and their contributions to the performance of other components and the total system (Bossel 2001) . Obviously most management issues cannot be characterized by linear causal chains acting in one single system. In reality, many issues involve cumulative causation (Maxim et al. 2009 ). In addition, there are cases in which it can be argued that individual indicators could belong to more than one category; for instance one could consider the proportion of fish stocks that are overexploited as an indicator of pressure, but it could also be considered an indicator of the state of the system. Understanding and explicitly stating the logical connections among all four indicator types (Fig. 3) is important if selected indicators are to support management effectively, because this makes clear the assumptions and working hypotheses about the mechanisms by which policies and actions affect the system (Sparks et al. 2011) . (2009) outlined several principles for adaptive monitoring, which serve to identify effective indicators and determine appropriate monitoring design, thereby enhancing effectiveness of monitoring activities. These principles express the need to: (1) carefully assess information needs and craft tractable questions at the outset of a monitoring program; (2) use wellconceived models to conceptualize current understandings of the system and to make predictions about behavior and response; (3) include a rigorous statistical design. Most important is that measurement variables for monitoring in the field are fully congruent with articulated assessment variables and are as such able to address the objectives and questions established from the outset (Lindenmayer et al. 2012 ). Adhering to solid design principles will not only avoid unnecessary data collection and miscommunication with stakeholders, i.e., what needs to be monitored, but will also promote the assessment of the long-term effectiveness of any management actions (Chapman 2012) .
The WaLTER project setup involves separate work packages to implement each of the above three principles (WaLTER project team 2010). Online surveys helped us to make a comprehensive assessment of information needs and monitoring network requirements among stakeholders and monitoring experts in the Dutch Wadden Sea Region (Vugteveen et al. 2014a ). Extensive input on portal contents and design was generated through stakeholder consultation by performing assessments of information needs found most important by user groups. In addition, a system dynamics modeling approach called group model building (GMB) was used as a diagnostic participative tool for understanding the determinants of two characteristic SES issues, i.e., fisheries (Vugteveen et al. 2014b ) and tourism (Vugteveen et al. 2014c) , and exploring salient SES indicators for management. Table 2 illustrates relevant SES themes, monitoring needs, and indicator types for the Wadden Region as extracted from these monitoring assessments and GMB sessions.
MONITORING EXCELLENCE
In times of diminishing rather than increasing budgets for monitoring, the evaluation of the effectiveness and efficiency of monitoring activities, i.e., monitoring excellence, has become increasingly important (Pomeroy et al. 2005 , Pullin and Stewart 2006 , Jacobson et al. 2014 . Monitoring programs are often too ambitious and unachievable because of resource constraints, and they are known to fail when monitoring excellence is not actively maintained (Lindenmayer et al. 2012) . Monitoring excellence, in this case, refers to the systematic use of quality criteria and tools in management, which are aimed at improving monitoring performance. These criteria should be part of the operational design of any monitoring network (Black and Groombridge 2010, Sherman 2014) . Adaptive monitoring activities and expected results need to be aligned with procedural, organizational, and financial measures of success. We present quality criteria for evaluating the appropriateness of monitoring, organizational feasibility, and operational performance. They apply to the challenges encountered in management and monitoring in a broad sense and are not exclusive to adaptive aspects, i.e., learning and reducing uncertainty (Rist et al. 2013) .
Excellence in information, organization, and operationalization
Monitoring and evaluation are performed in ICM to assess the extent to which what we are doing is sensible, equitable, and effective (Day 2008, Douvere and Ehler 2011) . For these respective aims, monitoring and evaluation efforts are required to be credible (C), legitimate (L), and salient (S). Credibility refers to the authority and reliability of the information. In the context of adaptive management, this also relates to how well monitoring efforts are able to reduce uncertainties for decision making. Next, legitimacy refers to how fair and respectful the production of information is in terms of considering opposing values, concerns, and perspectives of different stakeholders. Finally, salience deals with how relevant and usable information is to decision-making bodies or stakeholders. These aspects are all highly significant in the Wadden Sea Region where conflicts of interest frequently arise (Hanssen et al. 2009, Runhaar and van Nieuwaal 2010) . Although credibility, legitimacy, and salience are considered critical in relation to evaluating ICM effectiveness, they are often neglected (Cash et al. 2003) . They are therefore explicitly considered as quality criteria in the WaLTER design and its strategic planning. Figure 4 visualizes the relation between the three information attributes, for easy reference here coined "the CLS attribute triangle," and the flow of generated data and information enabling capacity building through information use and learning. The CLS attribute triangle expresses that credibility, legitimacy, and salience interact, and that each is significant for a specific phase of the ICM process.
In the WaLTER project, credibility challenges monitoring design to be based on robust and state-of-the-art science-based models about the ecological and socioeconomic functioning of the system. The WaLTER project develops an online portal for data as well as offering information products and services. Legitimacy trade-offs apply to the translation of data to information, Ecology and Society 20(1): 59 http://www.ecologyandsociety.org/vol20/iss1/art59/ (Vugteveen et al. 2014b ) and tourism (Vugteveen et al. 2014c ). Fig. 4 . The conceptual relations of information attributes, i.e., the C (credible) L (legitimate) S (salient) attribute triangle, with the information cycle and the capacity building cycle serving the overall integrated coastal management (ICM) process. especially information that is produced to be used in policy making. Finally, the salience criterion expresses that relevant information needs of potential users should be taken fully into account in monitoring strategies and design of the WaLTER portal. Especially because the salience of information production is a generally under appreciated aspect of monitoring design (Lindenmayer and Likens 2009) . Specific methodologies for assessing information needs and monitoring network requirements may be applied to appropriately address salience such as described in detail in Vugteveen et al. (2014a) for the WaLTER case.
Quality criteria for information excellence are technically part of a wider set of essential procedural, organizational, and operational measures that need to be considered for establishing effective and efficient monitoring (Stojanovic et al. 2004 , Black and Groombridge 2010 , Khosravi and Chavan 2012 . In companies, the use of business excellence models is common to help evaluate organizations on their way toward excellence, helping them understand the gaps, and then providing solutions. Internationally, the business excellence model of the European Foundation for Quality Management (EFQM) is probably the most widely used framework. The EFQM model is founded on a set of beliefs and behaviors of organizations that over time managed to have consistently good financial results, effective operations, and satisfied customers (ECBE 1999) . More recently it has also been applied in conservation management settings as well as in scientific organizations (Black and Groombridge 2010) . We adopt the framework to provide insight into the critical factors, processes, and results for effective monitoring network design. Following the EFQM model, Figure 5 summarizes nine excellence domains, which help to align the design and functioning of monitoring networks. These excellence domains pertain to people, processes, and performance, the first two categories enabling the latter. Ecology and Society 20(1): 59 http://www.ecologyandsociety.org/vol20/iss1/art59/ Fig. 5 . Excellence domains for achieving efficient and effective monitoring processes and outcomes (modified after Black and Groombridge 2010) .
Monitoring excellence in the Dutch Wadden Sea Region
The excellence domains presented in Figure 5 are further exemplified in the case of developing the WaLTER portal and monitoring network. The figure communicates that good leadership and staffing, a clear strategy, well-developed partnerships, and secured resources are essential for realizing an appropriate and feasible monitoring network structure.
The current organizational structure of the WaLTER project consists of a joint venture of research institutes and monitoring organizations that carry out long-term measurements in the Wadden Sea Region (WaLTER project team 2010). Cooperation is established with main institutions coordinating regional research and funding, i.e., the Dutch Waddenacademie, a public agency programming and promoting research, and the Dutch Waddenfonds, a public fund for projects driving sustainable developments in ecology and economy in the Wadden Sea area. The people aspects, in terms of leadership, staff, and partnerships, are pivotal to the success of the monitoring network (Folke et al. 2005, Lindenmayer and Likens 2010) . The main product of the WaLTER project, i.e., the online portal, will function as a data and information retrieval system of which the data content depends on successful cooperation with organizations maintaining monitoring databases, i.e., the data owners.
In the WaLTER project, community engagement has been a priority from the start. Extensive input on portal contents and design has been generated through stakeholder consultation by performing information needs assessments among user groups (Vugteveen et al. 2014a) . Within the WaLTER organization, an advisory committee and a data owner board have been installed that include key representatives from governmental and funding agencies, monitoring organizations, and data owning organizations. These structures and processes are all essential to ensure legitimacy and salience of the monitoring network. The advisory committee supervises activities of the WaLTER project and provides feedback and advice on societal and scientific relevance as well as on institutional support. The data owner board includes representatives of different data owners, i.e., organizations that hold managerial and financial accountability for a dataset and that have legal ownership rights. The main task of this board is to advise on accessibility of existing and new data and on how to harmonize current monitoring activities within the overall WaLTER monitoring strategy.
The excellence domains shown on the right-hand side of Figure  5 relate to the target results of the WaLTER portal. Performance results relate to the actual content of the WaLTER portal and its use, as well as tangible deliverables for ICM in the Wadden Sea Region (Fig. 1) . These deliverables include offering evidencebased information products and appropriate indicators to be used for balanced decision making (Daams and Sijtsma 2013) . A sounding board has been installed, in which main user groups are represented, to provide direct feedback on portal design, content, and functionality. For each excellence domain presented in Figure  5 key enabling actions are listed in Table 3 , which are essential to successfully realizing the WaLTER monitoring network and portal.
DISCUSSION AND CONCLUSIONS
Our study elaborated the necessary conceptual and strategic elements for developing an effective adaptive monitoring network to support integrated coastal management (ICM). We outlined these elements within the context of the WaLTER project, which aims at realizing an adaptive monitoring network for the Dutch Wadden Sea Region. Progressively building a deeper understanding about nature, cultural heritage, and social economy is necessary for balancing its multiple uses (Kabat et al. 2012, Daams and Sijtsma 2013) , especially given the World Heritage status of the region.
Beyond establishing a mere monitoring network for collecting data, WaLTER aims to be an active "learning institution" for capacitating stakeholders, implementing adaptive monitoring processes in response to new information questions by stakeholders, or new scientific insights. Citizen science initiatives (Conrad and Hilchey 2011) are part of the WaLTER approach. A recent instrument called Hotspotmonitor is worth mentioning in this respect. Sijtsma et al. (2012) developed a web-based tool for the (inter)national Wadden Sea Region that offers a spatially explicit way to measure attractiveness of the landscape, places, and specific individual experiences. A viewer has been applied in Ecology and Society 20(1): 59 http://www.ecologyandsociety.org/vol20/iss1/art59/ Next to a conceptual framework, we identified monitoring excellence criteria as essential in setting up and implementing effective monitoring activities: credibility, legitimacy, and salience ( Fig. 4) . Consideration of these criteria ensures that scientifically robust and effective information is provided. Designers and operators of monitoring networks can specifically learn from business models in "running" and evaluating a monitoring network (Fig. 5; Black and Groombridge 2010, Khosravi and Chavan 2012) .
Although monitoring excellence criteria are an integral part of the WaLTER project setup, it is also necessary to be aware of some particular bottlenecks associated with a long-term monitoring network. These are: (1) continuity in sufficient budget, (2) vulnerability to institutional changes, and (3) retainment of professional capacity (Lindenmayer et al. 2012 ).
Access to sufficient funding is an obvious factor influencing the success of WaLTER. For monitoring programs there is often a fundamental mismatch between long-term monitoring aspirations and short-term realities of funding and political cycles. The current project and realization of the portal is financed by the Waddenfonds and by the provinces of Noord-Holland and Friesland. Technical development of the portal itself has been financially secured but further deployment and implementation of the WaLTER monitoring network structure will require additional public and private funding. It is therefore essential for the WaLTER project, and adaptive SES monitoring networks in general, to build trust and prove its usefulness to funding agencies and regional industries, e.g., fisheries, agriculture, shipping, tourism, and energy production. The importance of WaLTER has been acknowledged by the Waddenfonds and in policy documents conveying that long-term adaptive monitoring is not a luxury but should be a public service and a core part of responsible ICM (Algemene Rekenkamer 2013, Waddenfonds 2014).
A second potential bottleneck for maintaining monitoring in the long-term is the vulnerability to institutional changes. To strengthen monitoring and learning capabilities for the long-term, the WaLTER project aims at formal embedding within the regional governance structure. Establishing ownership of the portal and the monitoring network thereby is an essential aspect.
In the case of WaLTER, it is a logical next step to become formally associated with the Dutch Waddenacademie (RCW 2014). This academic institute fulfils a formal knowledge brokering role in governance of the Wadden Sea Region by identifying gaps in knowledge about nature, cultural heritage, and social economy, by programming research and monitoring, and by disseminating the outcomes (Waddenfonds 2014) . Within the Waddenacademie, WaLTER can function as a reference platform of reliable quantitative data and information against which future management and scientific progress can be compared. The platform can develop into an institution for knowledge management. As opposed to being a platform for mere data and information handling, this institution can be directed at creating information combined with tacit experience, context, and critical reflection. Monitoring programs require the integration of both good science and good management practices. Close collaboration between those with a clear idea of what is needed, i.e., policy makers and stakeholders, and those who can provide the technical and practical skills, i.e., scientists and nature http://www.ecologyandsociety.org/vol20/iss1/art59/ managers, is essential. At an institutional level this monitoring platform may evolve to coordinate the activities of monitoring organizations, including private companies, and broker new partnerships and collaborations among stakeholders and monitoring organizations.
Next to vulnerability to institutional change, a third bottleneck is establishing and retaining professional capacity within the organization. Important in this respect is to encourage the training of monitoring professionals, promote citizen science, and improve the skill sets essential for good monitoring, including experimental design, statistical analysis, and database management. Development of professional capacity also includes the promotion of technical innovations in continuously improving monitoring activities.
We argue that the combined conceptual and strategic elements brought forward help to successfully advance adaptive monitoring and ICM implementation in the Dutch Wadden Sea Region. The network and portal are novel in their design because they aim to combine and integrate data on ecological and socioeconomic data, linking research-driven and policy-driven monitoring for comprehensive system analysis that uses indicators of responses, pressures, state, and benefits. We argue this integrated approach is necessary for effectively addressing the major issues facing the region now and in the future.
Like the Great Barrier Reef in Australia, the Wadden Sea has international recognition and is of worldwide importance, as formalized in its World Heritage status. The implementation of a successful monitoring network is essential to support good governance and sustainable management. The WaLTER project may serve as an example to coastal regions in which ecological, economic, and social objectives need to be closely monitored. We believe the overall approach and ideas presented are transferable to other types of complex social-ecological systems to accomplish integrated management processes.
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